INTRODUCTION
Relapse to drug use after prolonged periods of abstinence is a common feature of drug addiction and remains the primary problem in treating drug abuse. Drug craving and relapse to drug-using behavior are seen after many years of withdrawal in individuals who have been addicted to heroin and cocaine (Mendelson & Mello, 1996; O'Brien, 1997) when confronted with the self-administered drug (de Wit, 1996) , with stimuli previously associated with drug taking (Carter & Tiffany, 1999) , or with stress (Sinha et al., 1999) .
Traditionally, the animal model used to study relapse to drug seeking has been the extinctionreinstatement of i.v. self-administration. In this model, laboratory animals are trained to make a response, such as pressing a lever, to selfadminister a drug and after the extinction of that behavior, the ability of several stimuli to reinstate the response is determined (Carrol & Comer, 1996) . A priming injection of the previously selfadministered drug, the presentation of environmental cues associated with drug taking, and the exposure to stressors results in the reinstatement of responding (Shalev et al., 2002) .
Recently, several laboratories have commenced the use of the place conditioning procedure to study the relapse phenomenon to cocaine and opiates and confirmed the idea that exposure to the drug (Mueller & Stewart, 2000; Wang et al., 2000; Parker & McDonald, 2000; Manzanedo et al., 200 a; Itzhak & Martin, 2002; Li et al., 2002; Lu et al., 2002; Mueller et al., 2002; Szumlinski et al., 2002) , to environmental cues associated with the drug (Lu et al., 2002) and to stress (Wang et al., 2000; Sanchez & Sorg, 2001; Wang et al., 2001 ) are the main factors inducing relapse to drug seeking. Most studies, however, have been performed in rats, and the reinstatement effects of morphine on a previously extinguished morphine-induced CPP has not been evaluated in mice, with the exception of an initial study in our laboratory, where it was observed that a noncontingent injection of morphine was able to reinstate an extinguished CPP (Manzanedo et al., 2001a (2, 3, 5, 10, 20, 40 (2, 3, 5, 10, 20, 40 mg/kg, i.p.), and another group was tested for reinstatement with saline. The 7 groups underwent a 15 min extinction schedule: a daily extinction session consisting of placing the animals in the apparatus (without guillotine doors separating the compartments) for 15 min until the time spent in drug-paired compartment for each group was similar to those of Pre-C session. Afterward, on the following day, the effect of the priming doses of morphine on the reinstatement of place preference was evaluated. The tests of reinstatement were the same as those for Post-C1 except that animals were tested 30 min after the respective drug injection dose or saline. All priming injections were given in the animalarium, a noncontingent place to previous conditioning injections.
Experiment 3B served as a replication of part of Experiment 3A and was designed to assess whether the extinction observed when the time spent in the drug-paired compartment was similar to that of Pre-C session was stable. This experiment started with 12 mice conditioned with 40 mg/kg morphine. After the post-conditioning test on day 8 (Post C1), two animals were removed from the experiment due to weak CPP expression (<60s). The remaining mice underwent the 15 min extinction schedule until it was verified for 3 consecutive days that the time spent in drug-paired compartment was similar to that of Pre-C session. On the following day, the effect of a priming dose of 10 mg/kg of morphine on the reinstatement of place preference was evaluated, following the same protocol used in Experiment 3A.
Experiment 3C served as a control for Experiment 3A. The aim of this experiment was to demonstrate the lack of effects of a priming dose of morphine on non-conditioned animals. In this experiment we observed the effect of the noncontingent injection of morphine (10 mg/kg) in animals conditioned with a non-effective dose of morphine (2 mg/kg). After the post-conditioning test on day 8 (Post C 1), 12 mice underwent the 15 min extinction schedule. It was verified that the time spent in drug-paired compartment was similar to that of Pre-C session on 2 consecutive days. On the following day, the effect of a priming dose of 10 mg/kg of morphine was evaluated, following the same protocol used in Experiment 3A.
Statistical analysis
To evaluate the acquisition of CPP, the time spent in the drug-paired compartment during the pre-and post-C phases was analyzed using a two mixed ANOVA with a between variable 'Treatment' (treatment groups) and a within variable 'Days' with 2 levels (pre-and post-C In Experiment 3A, morphine administration induced CPP in all groups of animals (see Fig. 3a ). In Experiment 3B (Fig. 3b) , morphine administration induced CPP (p < 0.01). When it is extinguished for 3 consecutive days (ps <1), the administration of 10 mg/kg of morphine in the reinstatement test was effective in the expression of CPP (p < 0.0001). In Experiment 3C (Fig. 3c ), morphine (2 mg/kg) administration had no effect on CPP, with no significant difference between Pre-C and Post-C (p < 1). When the lack of effect was observed for 3 consecutive days (ps < 1), the administration of 0 mg/kg of morphine had no effect (p < 1). (Tzschentke, 1998; Manzanedo et al., 2001b; Manzanedo et al., 2001c; press). Morphine-induced CPP lasts up to approximately wk, when the animals undergo an extinction procedure consisting of their daily exposition to the apparatus for 15 or 60 min. When the period of exposure is for 60 min, the CPP is extinguished 2 days earlier than when the exposure is for 15 min, suggesting that a prolonged exposure to the compartment previously associated with the drug, without experimenting its rewarding effects, slightly facilitates the extinction of CPP. Other studies using this spontaneous extinction of morphine-induced CPP in rats reported similar results, with a lack of conditioning after a 7-d extinguishing period (Wang et al., 2000; . In the present study, the expression of morphineinduced CPP was abolished following repeated exposure of the animals to the apparatus without induced CPP. Animals were conditioned with 40 mg/kg of morphine and acquire a clear CPP, reflected by the significant difference in the time spent in drug-paired compartment between pro-conditioning (PRE C) and postconditioning (POST C). Mice then underwent several extinction sessions until the time spent in the drug-paired compartment was non significantly different to that spent in this compartment during PRE C (EXT 1). After two more consecutive extinction sessions (EXT 2 and EXT 3), animals received a priming dose of 10 mg/kg of morphine (M 10) and 30 min later were tested for their preference (REINSTATEMENT). * p < 0.01, significant difference in the time spent in pro-conditioning vs. post-conditioning sessions or reinstatement tests.
any injection. Compared with other extinction procedures, such as exposure to the environment previously associated with the drug after the administration of saline, the procedure used here is more natural and can more closely model real situations, in which addicted individuals voluntarily stop taking the drug but continue to be exposed to the same stimuli they have associated with drug consumption.
In drug-free human addicts, re-exposure to the self-administered drug induces drug-seeking and precipitates relapse even after long-term periods of abstinence (de Wit, 1996; el-Guebaly, 1998 (De Vries, 1998; Shalev et al., 2002) because many studies have reported reliable drug-induced reinstatement of self-administration of heroin, cocaine, alcohol or nicotine (Shaham et al., 1997; L et al., 1998; Self & Nestler, 1998; Stewart, 2000) . More recently, drug-induced reinstatement of behavior has been observed using the placeconditioning paradigm (Mueller & Stewart, 2000; Parker & McDonald, 2000; Wang et al., 2000; Manzanedo et al., 2001a; Itzhak & Martin, 2002; Li et al., 2002; Lu et al., 2002) . In accord with these results, we have observed that, after extinction, a single non-contingent injection of different doses of morphine reinstated morphine- (Shaham & Stewart, 1996) . Moreover, DA mechanisms are also involved in this effect because the activation of DA neurons in the ventral tegmental area (VTA) mediates heroininduced reinstatement of self-administration of this drug (Stewart, 1984) . Similarly, a recent study demonstrated that the reinstating effect of drug priming on morphine-induced CPP can be abolished by lesions of the VTA and the shell of the nucleus accumbens (Wang et al., 2002) . The involvement of DA in drug-induced reinstatement of a previously extinguished morphine-induced CPP, using DA antagonists, is being currently studied in our laboratory.
The reinstating effects of morphine primes can be attributed to the hedonic properties of the drug, which produces an incentive motivational state that reinstates the preference. Moreover, the drug primes could recall the extinguished CPP. In the placeconditioning paradigm, several neutral environmental stimuli (cues) acquire a positive valence or salience through the pairing with the rewarding effects of the drug. After the extinction of CPP, the reinstatement of this behavior following a priming injection of the drug could be explained as a "renovation" or "restoration" of the significance or attractiveness of the drug-paired environmental stimuli, which leads the animal to approach and stay in the presence of those cues. Moreover, the approach behavior could reflect a reinstatement of craving that again leads the animal to look for those environmental stimuli associated with the presence of the drug. According to Mueller and Stewart (2000) , the priming injection "reminds" the animal of the significance of those cues previously paired with the drug.
Another explanation for the priming effect of morphine administration can be focused on the discriminative stimuli properties of this drug and on the idea that the reinstatement of CPP can be due to a state-dependent learning phenomenon. (Jaeger & van der Kooy, 1996) .
Our results confirm the idea that the CPP paradigm can be used in mice as a model of relapse to drug-seeking behavior, a core feature of drug addiction. As in the self-administration paradigm, morphine primes following extinction reinstate morphine-induced CPP. In future studies, it would be very interesting to determine the involvement of several neurotransmitter systems, for instance the doparnine and glutamate, in the reinstatement of conditioned reward induced by drug priming.
